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1. [a] Consider a copper pin fin [k = 410 W/m.K]  of 0.4 cm in diameter that 
protrudes from a wall at 120 oC into ambient air at 20 oC.  The convection 
coefficient was equal to 12.0 W/m2   .K.  Calculate:  
 Sebatang sirip pin tembaga [k = 410 W/m.K]  berdiameter 0.4 sm terkeluar 
daripada sebuah dinding bersuhu 120 oC.  Suhu udara ambien ialah 20 oC.  
Pemalar perolakan haba ialah 12.0 W/m2
 
.K.  Kirakan: 
[i] heat loss, assuming that the fin is “infinitely long”.   
kehilangan haba, dengan menganggap sirip itu “panjang tak 
terhingga”.  
 
[ii] heat loss, assuming that the fin is 4.2 cm long with convecting tip.   
kehilangan haba, dengan menganggap sirip itu 4.2 sm panjang dengan 
hujungnya berperolakan.     [8 marks/markah] 
 
[b] A wall with a cross sectional area of 4.4 m2 is constructed with 3.8 cm of 
concrete (k = 1.4 W/m.K), 3.0 cm of fiberglass insulation (k = 0.04 W/m.K) 
and 2.0 cm of gypsum board (k = 0.06 W/m.K).  The inside and outside 
convection coefficients are 11.2 and 30.8 W/m2.K, respectively.  The inside 
temperature is 320 o
  
C and interface between fiberglass and gypsum board is 
160.5 °C.  Calculate:  
 Sebuah dinding berkeluasan 4.4 m2 dibina daripada konkrit (k = 1.4 W/m.K), 
berketebalan 3.8 sm, penebat gentian kaca  (k = 0.04 W/m.K) berketebalan 3.0 
sm dan papan gipsum (k = 0.06 W/m.K) berketebalan 2.0 sm.  Pemalar 
perolakan dalam dan luar masing-masing ialah 11.2 dan 30.8 W/m2.K.  Suhu 
udara di dalam ialah 320 oC dan suhu di antara permukaan gentian kaca dan 
papan gipsum ialah 160.5 o
 
C.  Kirakan: 
[i] heat loss  
 kehilangan haba  
 
[ii] outside air temperature 
 suhu udara di luar     [6 marks/markah] 
 
[c] A fluid at a temperature of 150 oC flows through a steel tube (k = 22.6 W/m.K) 
of 35 m length.  The tube has an inside diameter of 2.8 cm and thickness of 2.4 
mm.  The tube is covered with a 15 mm thick layer of insulation (k = 0.07 
W/m.K).  The convection coefficients at the inside and outside are 24.8 
W/m2.K and 14.5 W/m2.K, respectively.  The pipe is located in a room at 
30o  C.  Calculate the: 
 Suatu bendalir bersuhu 150 oC mengalir melalui tiub keluli (k = 22.6 W/m.K) 
35 m panjang.  Tiub ini mempunyai diameter dalaman 2.8 sm dan ketebalan 
2.4 mm.  Tiub ini diliputi dengan lapisan penebat (k = 0.07 W/m.K) 
berketebalan 15 mm.  Pemalar perolakan dalaman dan luaran masing-masing 
ialah 24.8 W/m2.K dan 14.5 W/m2.K.  Paip ini terletak di dalam bilik bersuhu 
30 o
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[i] overall heat transfer coefficient based on the outer surface area 
pemalar pemindahan haba keseluruhan berdasarkan luas permukaan 
luar 
 
[ii] heat loss from the pipe 
kehilangan haba daripada paip    [4 marks/markah] 
 
[d] A truncated cooper (k = 350 W/m.K) cone is 50 cm in height.  The diameter at 
the top is 5.2 cm and the diameter at the bottom is 20.2 cm.  The lower surface 
is maintained at 30 oC and the upper surface at 230 o
  
C.  The outer surface is 
insulated.  Assuming one-dimensional heat flow, what is the rate of heat 
transfer?  
 Kon pemepat dengan tinggi 50 sm dibina daripada tembaga (k = 350 W/m.k).  
Diameter di bahagian atas ialah 5.2 sm dan diameter di bahagian bawah ialah 
20.2 sm.  Suhu di bahagian bawah dikekalkan pada 30 oC dan di sebelah atas 
pada 230 o
 
C.  Permukaan luar kon ini ditebat.  Anggap aliran haba pada satu 
dimensi, apakah kadar permindahan haba?     [4 marks/markah] 
[e] A 10 cm thick plate (k = 34.0 W/m.K) generates heat uniformly at the rate of 
8.0 x 103 W/m3.  One side of the plate is maintained at 250 oC and the other 
side at 30 o  C.  Calculate the temperature at the center of the plate. 
 Sebuah plat (k = 34.0 W/m.K) berketebalan 10 sm menghasilkan haba sekata 
pada kadar 8 x 103 W/m3.  Suhu di sebelah permukaan plat dikekalkan pada 
250 oC manakala di sebelah lain pada 30 o
 
C.  Kirakan suhu di bahagian 
tengah plat.         [3 marks/markah] 
2. [a]  Water at the rate of 3.6 kg/s is heated from 25 to 84 oC in a 3 cm diameter tube 
where surface is at 96 o
 
C.  What is the length (in meter) of the tube needed to 
accomplish this heating. 
Air pada kadar 3.6 kg/s dipanaskan daripada 25 ke 84 oC di dalam tiub 
berdiameter 3 sm di mana suhu permukaannya adalah 96 o
   [5 marks/markah] 
C.  Berapakah 
panjang tiub (dalam meter) bagi melengkapkan proses pemanasan ini?   
 
[b] A tube bank consists of 144 tubes arranged in a square inline array.  The tubes 
have a diameter of 1.5 cm and a length of 1 m.  The center to center tube 
spacing is 3 cm.  If the surface temperature of the tubes is maintained at 440 K 
and air enters the tube bank at 1 atm, 360 K, and u∞
   
 = 8 m/s, calculate the total 
heat loss by the tubes. 
Barisan 144 tiub disusun dengan tatasusunan segiempat sama.  Tiub-tiub 
tersebut mempunyai diameter 1.5 sm dan panjang 1 m.  Jarak pusat-ke-pusat 
tiub ialah 3 sm.  Jika suhu permukaan tiub dikekalkan pada 440 K dan udara 
memasuki barisan tiub pada 1 atm, 360 K dan u∞
      [8 marks/markah] 
 = 8 m/s, kirakan jumlah 
kehilangan haba keseluruhan dari tiub-tiub tersebut. 
 
…4/- 
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[c]  Calculate the free-convection heat loss from a 0.4 m2 vertical plate maintained 
at 230 oC and exposed to air at 1 atm and 24 o  C. 
 Kirakan kadar kehilangan haba secara perolakan bebas dari plat menegak 
berkeluasan 0.4 m2 yang dikekalkan pada suhu 230 oC  dan terdedah kepada 
udara 1 atm dan 24 o
 
C.       [6 marks/markah] 
[d]  Two vertical plates 50 by 50 cm are separated by a space of 4 cm that is filled 
with water.  The plates temperature are 110 oC and 32 o
  
C respectively.  
Calculate the heat transfer across the space. 
 Dua plat menegak 50 x 50 sm dipisahkan oleh ruang yang diisi dengan air 
sejauh 4 sm.  Suhu plat ialah pada 110 oC dan 32 o
 
C.  Kirakan pemindahan 
haba sepanjang ruang tersebut.      [6 marks/markah] 
3. Two plates of 1.44 m2
 
 are spaced side by side by 1.2 m distance.  The emissivities of 
the plates are 0.4 and 0.6, and the temperatures are 1033 K and 573 K, respectively.  A 
radiation shield having similar area with an emissivity of 0.05 on both sides is located 
equidistant between the two plates.  The three plates are placed in a large room which 
is maintained at 313 K.  
Dua plat bersaiz 1.44 m2
 
 dipisahkan sisi dengan sisi sejauh 1.2 m.  Keberpancaran 
plat-plat berkenaan ialah 0.4 dan 0.6 dan suhu masing-masing adalah 1033 K dan 
573 K.  Suatu perisai radiasi yang mempunyai keluasan yang sama dengan 
keberpancaran 0.05 pada kedua-dua bahagian diletakkan di tengah-tengah plat-plat 
tersebut.  Ketiga-tiga plat diletakkan di dalam bilik yang besar di mana suhu 
dikekalkan pada 313 K. 
[a] Calculate the wavelength and spectral emissive power (per unit area per unit 
wavelength) associated with maximum emission to the room.  Show your 
result in a graphical form.   
 
Kirakan panjang gelombang dan kuasa pancaran spektrum (per unit keluasan 
per unit panjang gelombang) yang bersekutu dengan pemancaran maksimum 









 Pemalar anjakan Wien ialah masing-masing 2897.6 µmK dan 1.28612 Wm-2   
K-5µm×10-11         
 
[6 marks/markah] 
[b] Identify the types of radiation (gamma, X-ray, UV, visible, near IR, mid IR, far 
IR, microwave or radio wave) obtained from result Q.3.[a]. above.   
 
Kenalpastikan jenis radiasi (gama, sinar X, boleh dilihat, IR dekat, IR 
pertengahan, IR jauh, gelombang mikro atau gelombang radio) yang 
diperolehi daripada keputusan S.3.[a]. di atas.   [3 marks/markah] 
…5/- 
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[c] With proper diagrams, calculate the temperature of the shield.  






Shape factor = 0.2 
  
   Faktor bentuk = 0.2      [6 marks/markah] 
 
[d] Calculate the percentage change in heat transfer from the lower temperature 
plate after the shield is added.   Explain the reason. 
 Kirakan peratus perubahan dalam pemindahan haba daripada plat bersuhu 
rendah setelah perisai ditambah.  Terangkan sebabnya.      [10 marks/markah] 
 
4. Hot water flowing at 2 kg/s, 368 K enters a heat exchanger shell to heat water flowing 
cross-current inside the tube side from 308 K to 328 K.  The overall heat coefficient of 
the exchanger is 1420 W/m2
 
K and specific heat of water is 4182 J/kg.K. 
Air panas mengalir pada 2 kg/s, 368 K memasuki kelompang penukar haba untuk 
memanaskan air yang mengalir secara bersilangan di dalam bahagian tiub daripada 
308 K kepada 328 K.  Pekali haba keseluruhan bagi penukar tersebut ialah 1420 
W/m2
 
K dan haba tentu bagi air ialah 4182 J/kg.K. 
[a] Calculate the exit temperature of the hot water in Kelvin.  State your 
assumption clearly.  
 Kirakan suhu keluar air panas dalam Kelvin.  Nyatakan andaian anda dengan 
jelas.         [4 marks/markah] 
 
 [b] Calculate the effectiveness of the exchanger.   
  Kirakan keberkesanan penukar haba tersebut. 
[3 marks/markah] 
 [c] Calculate the length of the tube in meter.   
  Kirakan panjang tiub dalam meter. 
[5 marks/markah] 
 
 [d] Calculate the number of 20 mm diameter tubes required if water in the tube 
side flows at 4 kg/s.      
  Kirakan bilangan 20 mm garis pusat tiub yang diperlukan sekiranya air di 







  Velocity of water = 0.4 m/s  
  Kelajuan air = 0.4 m/s 
   
  Density of water = 1000 kg/m3




      [4 marks/markah] 
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 [e] Calculate the new length of the tube if the number of tube passes is 2.  The 
correction factor due to bending is 0.88.     
  Kirakan panjang baru tiub berkenaan sekiranya bilangan laluan tiub ialah 2.  
Faktor pembetulan disebabkan lengkukan ialah 0.88.   [4 marks/markah] 
      
 
 [f] Calculate effectiveness of the exchanger after making 2 tube passes and 
explain how it can be improved without changing the designed parameters (i.e, 
flow rate, cooling and heating fluids, number of tube passes and sizing).      
Kirakan keberkesanan penukar tersebut selepas membuat 2 laluan tiub dan 
terangkan bagaimana ia boleh diperbaiki tanpa mengubah parameter 
rekabentuk (contohnya, kadar aliran, bendalir penyejuk dan pemanas, 
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Appendix 
For fin; m2 ( )∞−= TThPkAM b=hP/kA   &    
 








For infinite long fin; q = M 
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For cone; r = ax + b 
 
























For force convection in tube (Tubulent flow) : nddNu PrRe023.0
8.0=  
For air flow across wire: ( ) 31PrRe nC
k
hdNu ==  
For natural convection, Nusselt number : mGrCNu Pr)(=  
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